There are limited studies comparing the effect of current smoking on first-generation (1G)-drug-eluting stents (DES) and secondgeneration (2G)-DES in acute myocardial infarction (AMI) patients after successful percutaneous coronary intervention (PCI). We investigated the clinical impact of current smoking on 2-year clinical outcomes between the 1G-DES and the 2G-DES in AMI patients after PCI.
Introduction
Cigarette smoking is one of the important correctable risk factors of coronary artery disease and various other cardiovascular diseases. [1] In addition, smoking is a major causative factor of reinfarction, stent thrombosis, and death after percutaneous coronary intervention (PCI). [2, 3] In general, even if the patients have stopped smoking during hospitalization, the complete cessation of cigarette smoking after PCI is a very difficult challenge and current smoking trigger severe adverse clinical events. Reported rates of successful smoking cessation after PCI are approximately 40% to 80%. [4, 5] Inversely, about 20% to 60% of the patients who underwent PCI may continue to be smokers after discharge from the hospital. At present, secondgeneration (2G)-drug-eluting stents (DES) have nearly replaced first-generation (1G)-DES during PCI in routine daily clinical practice. However, not all operators of catheterization laboratories always use the 2G-DES worldwide, so 1G-DES are also inevitably available in some areas of the world for various reasons. DES have reduced target lesion revascularization (TLR) by inhibition of neointimal hyperplasia compared with baremetal stents (BMS) but increased risk of fatal stent thrombosis (ST) is one a major concern. [6, 7] Although the 2G-DES has a more advanced form of polymer (biocompatible polymer) than 1G-DES, the 2G-DES did not show superior clinical outcomes when compared with 1G-DES. [8, 9] Furthermore, the comparison between 2 different types of 2G-DES also showed comparable results. [10] The main contributable mechanisms of cigarette smoking on increased mortality and morbidity of cardiovascular disease are related to oxidative stress, increased thrombin generation, platelet aggregation, inflammation, and endothelial dysfunction. [11, 12] Persistent long-term cigarette smoking may cause luminal narrowing of the coronary arteries, arterioles, and microvasculature. [13] Although the acute myocardial infarction (AMI) milieu tends to facilitate thrombotic conditions, DES implantation during primary PCI or staged PCI were commonly done from the 1G-DES era up to the 2G-DES era. Despite this, there are limited data comparing the effects of current smoking on 1G-DES and 2G-DES in patients with AMI.
The aim of this study was to investigate and compare the clinical impact of current cigarette smoking on 2-year clinical outcomes between the 1G-DES (sirolimus-eluting stent [ 
Methods

Study population
The Korea Acute Myocardial Infarction Registry (KAMIR) is a nationwide, prospective, observational on-line registry in South Korea established in November 2005 to evaluate current epidemiology and short-term and long-term clinical outcomes of patients with AMI. Fifty-three high-volume University and community hospitals with facilities for primary PCI and onsite cardiac surgery participated in this study. These data were collected by a trained study coordinator using a standardized web-based case report form at each site in South Korea. Details of the registry can be found at the KAMIR website (http://www. kamir.or.kr). This study was a nonrandomized, multicenter, observational, retrospective study. A total of 53,281 AMI patients between January 2005 and June 2015 in the KAMIR registry were evaluated. Patients with the following conditions were excluded:
(1) fibrinolysis was done (n = 1982, 3.7%), (2) failed PCI (n = 548, 1.0%), (3) suboptimal results (n = 652, 1.2%), (4) PCI was not done (n = 1756, 3.3%), (5) BMS deployment (n = 2324, 4.4%), (6) CABG was done (n = 146, 0.3%), (7) follow-up loss or did not participate (n = 2822, 5.3%), (8) incomplete laboratory results (n = 2970, 5.6%), (9) uncertainty of diagnosis (n = 384, 0.7%), (10) nonsmokers (n = 18668, 35.0%), (11) exsmokers (n = 6746, 12.7%), (12) other kinds of DES except for SES, PES, ZES, and EES (n = 3375, 6.3%).
Finally, a total of 11,812 AMI patients who underwent successful PCI with 1G-DES (n = 4622, 39.1%) or 2G-DES (n = 7190, 60.9%) were enrolled (Fig. 1) . The study protocol was approved by the ethics committee on research on humans at each participating center and was conducted according to the ethical guidelines of the 1975 Declaration of Helsinki. All patients provided written informed consent before enrollment. In this study, all 11,812 patients completed a 2-year clinical follow-up by face-to-face interviews, phone calls, or chart review.
PCI and medical treatments
A diagnostic coronary angiography and PCI were done through either the femoral or the radial artery after an administration of unfractionated heparin (50-100 IU/kg). Patients' activated clotting time was as maintained at >250 seconds during the procedure. All patients were given loading doses of 200 to 300 mg aspirin and 300 to 600 mg clopidogrel before PCI. Revascularization was considered clinically indicated when the patient had typical angina and/or signs of ischemia and ≥50% diameter restenosis or ≥70% diameter restenosis in a coronary artery by visual estimation. A successful PCI was defined as the achievement of angiographic residual stenosis was less than 30% and the final thrombolysis in myocardial infarction (TIMI) blood flow grade was 3. During the in-hospital stay and after discharge, all patients' medical treatments included aspirin, clopidogrel, beta-blockers (BB), angiotensin-converting enzyme inhibitors (ACEI), angiotensin receptor blockers (ARB), and lipid-lowering agents.
After discharge, the patients were recommended to stay on the same medications that they had received during hospitalization. Especially, the total duration of dual antiplatelet therapy (DAPT, the combination of aspirin [100 mg/d] and clopidogrel [75 mg/d]) was recommended for more than 12 months to patients who had undergone PCI. Triple antiplatelet therapy (TAT) (100 mg cilosatzol [Pletaa, Ostuska Pharmaceutical Co, Tokyo, Japan] twice a day) added on to DAPT was left to the discretion of the individual operators.
Study definitions and endpoints
AMI was defined as the presence of clinical symptoms, electrocardiographic changes, or abnormal imaging findings of MI, combined with an increase in the creatine kinase myocardial 98:10 Medicine band fraction above the upper normal limits or an increase in troponin-T/troponin-I to greater than the 99th percentile of the upper normal limit. [14, 15] The smoking status was assessed on the basis of information obtained from hospital medical records at the time of first medical examination and current smoking was defined as cigarette smoking within 1 year before the index PCI and currently smoking. The primary endpoint was the occurrence of major adverse cardiac events (MACE) defined as all-cause, recurrent myocardial infarction (re-MI), any coronary revascularization (TLR, target vessel revascularization [TVR], non-TVR) during the 2-year follow-up period. The secondary endpoint was the occurrence of definite or probable ST.
All-cause deaths were classified as cardiac (CD) or non-CD. Re-MI was defined as the recurrence of AMI. Any coronary revascularization was defined as revascularization of the target vessel or nontarget vessels. TLR was defined as revascularization of the target lesion due to restenosis or reocclusion within the stent or within 5 mm of the distal or proximal segment. TVR was defined as revascularization of the target vessel or any segment of the coronary artery containing the target lesion. Non-TVR was defined as a revascularization of any segment of the nontarget coronary artery. ST classified as acute (0-24 hours), subacute (24 hours -30 days), late (30 days -1 year) and very late (>1 year) according to the onset time of ST. [16] In addition, the modified American College of Cardiology/American Heart Association (ACC/AHA) criteria was used to classify coronary lesion morphology. [17] The TIMI score was used to determine the degree of coronary flow before and after the procedure. [15] 
Statistical analysis
All statistical analyses were performed using SPSS software, version 20 (IBM; Armonk, NY). For continuous variables, differences between the 2 groups were evaluated with the unpaired t test or Mann-Whitney rank test. Data expressed as mean ± standard deviations. For discrete variables, differences were expressed as counts and percentages and were analyzed with either the x 2 or Fisher exact test, between the groups as appropriate. To adjust for any potential confounders, propensity score-matched (PSM) analysis was performed using the logistic regression model. We tested all available variables that could be of potential relevance: age, gender (men), left ventricular ejection fraction (LVEF), body mass index (BMI), systolic blood pressure (SBP), diastolic blood pressure (DBP), ST-segment elevation MI (STEMI), non-ST-segment elevation MI (NSTEMI), primary PCI, hypertension, diabetes mellitus (DM), dyslipidemia, previous MI, previous PCI, creatine kinase myocardial band, high-sensitivity C-reactive protein, total cholesterol, triglyceride, high-density lipoprotein ( Ex-smoker was defined as who had stopped smoking for more than 1 year before the index PCI. AMI = acute myocardial infarction, BES = biolimus-eluting stents, BMS = bare-metal stent, CABG = coronary artery bypass graft, DES = drug-eluting stents, EES = everolimus-eluting stents, KAMIR = Korea Acute Myocardial Infarction Registry, PCI = percutaneous coronary intervention, ZES = zotarolimus-eluting stents.
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American College of Cardiology/American Heart Association type B1, B2 and C lesions, 1-vessel disease, 2-vessel disease, 3-vessel disease, pre-PCI TIMI 0, post-PCI TIMI 2, post-PCI TIMI 3, stent diameter, stent length, and number of stents. The logistic model by which the propensity scores were estimated showed good predictive value (C-statistic = 0.708). Patients in the 1G-DES group were then one-to-one matched to those in the 2G-DES group, according to propensity scores with the nearest available pair matching method. Subjects were matched with a caliper width equal to 0.01. The procedure yielded 3900 well-matched pairs. Cox-proportional hazard models were used to assess the adjusted hazard ratio (HR) comparing the 2 groups in PSM population. For all analyses, a 2 sided P < .05 was considered statistically significant.
Results
Baseline clinical, angiographic, and procedural characteristics
Baseline clinical and laboratory characteristics of this study population are summarized in Table 1 . In the entire patient population, the mean age of the participants was higher in the 1G-DES group compared with 2G-DES group (58.1 ± 11.8 years vs 57.4 ± 11.4 years, P = .002). In both groups, the proportion of men was above 90% and higher in the 2G-DES group (92.4% vs 93.6%, P = .012). The mean value of LVEF was similar between the 2 groups and nearly within the normal range (52.4 ± 11.0% vs 52.6 ± 10.6%, P = .274). Also, the numbers of hypertension and DM patients were similar between the 2 groups. The mean value of BMI, SBP, and DBP and the number of NSTEMI and dyslipidemia patients were significantly higher in the 2G-DES group. By contrast, the numbers of STEMI patients were higher in the 1G-DES group. The mean values of serum cholesterol and LDL cholesterol were as similar between the 2 groups; triglyceride was higher in the 2G-DES, and HDL was higher in the 1G-DES group. In the 2G-DES group, even though the prescription rate of clopidogrel (84.9%) was lower, ticagrelor and prasugrel were more frequently prescribed as discharge medications than the 1G-DES group. Regarding angiographic and procedural characteristics, LAD was more frequent IRA in the 1G-DES compared with 2G-DES group (49.1% vs 47.1%, P = .031). The ACC/AHA type B1 lesion, 2-vessel disease, and ≥3-vessel disease were more frequent in the 1G-DES group. ACC/ AHA type B2 lesion and 1-vessel disease were more frequent in the 2G-DES group. The diameter (3.20 ± 0.44 mm vs 3.16 ± 0.38, P < .001) and length (26.5 ± 10.5 mm vs 25.9 ± 6.7 mm, P < .001) of deployed stents were larger and longer in the 2G-DES group compared with the 1G-DES group. However, the number of deployed stents (1.49 ± 0.81 vs 1.44 ± 0.75) was higher in the 1G-DES group. In addition, these different variables were wellbalanced after PSM analysis.
Clinical outcomes
The cumulative incidences of major clinical outcomes at 2 years are listed in Table 2 . In the entire patient population, the primary endpoint, the cumulative incidence of MACE was significantly higher in the 1G-DES group compared with the 2G-DES group (9.3% vs 7.5%, Log-rank P < .001; HR, 1.255; 95% confidence interval [CI]; 1.104-1.427; P = .001). The majority of this increased incidence in the 1G-DES group was associated with a significantly increased incidence of any revascularization rate including TLR, TVR, and non-TVR. Incidences of all-cause death, CD, and Re-MI were not significantly different between the 2 groups. The secondary endpoint, the incidence of ST was similar between the 2 groups (0.9% vs 0.7%, Log-rank P = .169; HR, 1.334; 95% CI, 0.884-2.015; P = .170). After PSM analysis, the incidence of MACE was also higher in the 1G-DES group (9.4% vs 7.4%, Log-rank P = .002; HR, 1.281; 95% CI, 1.097-1.495; P = .002, Fig. 2A ) than the 2G-DES group. However, the incidence of ST was also similar between the 2 groups (1.0% vs 0.96%, Log-rank P = .637; HR, 1.118; 95% CI, 0.704-1.775; P = .638, Fig. 2B ). In addition, the incidence of all-cause death, CD, and Re-MI was not significantly different (Fig. 3) . Fig. 4 shows the results of subgroup analysis for MACE at 2 years. In cases of age <65 years, men, STMI, BMI ≥24 kg/m 2 , primary PCI, LAD (treated vessel), ACC/AHA type B2/C lesion, 1-vessel disease, post-PCI TIMI 3 flow, short stent length (<28 mm), and large diameter (≥3.0 mm), 2G-DES was preferred treatment strategy for the AMI patient with current smoking to reduce MACE than 1G-DES in this study.
Discussion
In this study, we investigated the impact of current smoking on 2-year clinical outcomes between 1G-DES and 2G-DES in AMI patients after successful PCI. The main findings of this study are as follows:
(1) The cumulative incidence of MACE was significantly higher in the 1G-DES group compared with the 2G-DES group during the 2-year follow-up period. The main cause of this increased incidence of MACE was associated with the increased incidence of any revascularization including TLR, TVR, and non-TVR which were higher in the 1G-DES compared with the 2G-DES. (2) The cumulative incidence of ST was not significantly different between the 2 groups, and (3) The cumulative incidence of all-cause death, CD, and re-MI was similar between the 2 groups.
The relationship between smoking and MI is well known. [18, 19] Even though the AMI milieu is prone to be thrombotic compared to stable coronary artery disease; previous studies showed that 1G-DES was associated with a reduced incidence of repeat intervention and MACE compared with BMS. [20, 21] Regarding safety and efficacy, there is some debate on the relative superiority between 1G-DES and 2G-DES. [9, 22] Hofma et al [23] demonstrated EES had superiority for MACE over SES (4.0% vs 7.7%, P = .048) in AMI patients during a 1-year follow-up period in the XAMI (XienceV Stent vs Cypher Stent in Primary PCI for AMI) randomized controlled trial (RCT). However, the cumulative incidences of 1-year CD (1.5% vs 2.7%, P = .36) and definite and/ or probable ST (1.2% vs 2.7%, P = .21) were similar between the 2 groups. Lee et al [24] reported similar efficacy and safety of ZES, SES, PES in patients with AMI during the 1-year follow-up period in the ZEST-AMI (the comparison of the efficacy and safety of ZES vs SES vs PES for AMI patients) RCT trial. Kufner et al [25] reported that the incidence of TLR (12.3% vs 15.9%, P = .10) was not statistically significant but numerically higher in the SES group as compared to EES during the 5-year follow-up period.
Even though, there is some debate, Huang et al [26] demonstrated that persistent smoking increased the size of the neointimal hyperplasia area (1.04 ± 0.72 mm 2 vs 0.96 ± 0.68 mm 2 ; P = .04) and malapposed struts (3.2% vs 1.6%; P = .004) Kim Table 1 Baseline clinical, laboratory, angiographic, and procedural characteristics.
Entire patients Propensity score-matched patients Variables 1G-DES (n = 4622) 2G-DES (n = 7190) P-value 1G-DES (n = 3900) 2G-DES (n = 3900) P-value Values are mean ± SD or n (%). The P values for continuous data were obtained from the analysis of the unpaired t test. The P values for categorical data were obtained from the chi-square test. 1G = first-generation, 2G = second generation, ACC/AHA = American College of Cardiology/American Heart Association, BMI = body mass index, CABG = coronary artery bypass graft, CCB = calcium channel blockers, CK-MB = creatine kinase myocardial band, CVA = cerebrovascular accidents, DBP = diastolic blood pressure, DES = drug-eluting stents, HDL = high-density lipoprotein, HF = heart failure, hs-CRP = high sensitivity-C-reactive protein, IVUS = intravascular ultrasound, LDL = low-density lipoprotein, LVEF = left ventricular ejection fraction, MI = myocardial infarction, NSTEMI = non-ST-segment elevation myocardial infarction, NT-ProBNP = N-terminal pro-brain natriuretic peptide, PCI = percutaneous coronary intervention, SBP = systolic blood pressure, STEMI = ST-segment elevation myocardial infarction, TIMI = thrombolysis in myocardial infarction.
Kim et al. Medicine (2019) 98:10 www.md-journal.com Figure 2 . Kaplan-Meier curved analysis for MACE (A) and stent thrombosis (B) at 2-year. 1G = first-generation, 2G = second-generation, CI = confidence interval, DES = drug-eluting stents, HR = hazard ratio, MACE = major adverse cardiac event, PSM = propensity score-matched analysis. Table 2 Clinical outcomes by Kaplan-Meier analysis and Cox-proportional hazard ratio analysis at 2-yr. 1G = first-generation, 2G = second-generation, CI = confidence interval, DES = drug-eluting stents, MACE = major adverse cardiac events, Non-TVR = non-target vessel revascularization, Re-MI = recurrent myocardial infarction, TLR = target lesion revascularization, TVR = target vessel revascularization.
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Medicine compared with nonsmokers. In addition, persistent smoking for more than 1-year leads to a high incidence of uncovered struts. However, these results were obtained from the patients who underwent PCI and a 1G-DES (SES) was deployed. Although the majority of 2G-DES showed noninferior clinical outcomes compared with 1G-DES, these durable-polymer based stents have been associated with persistent local inflammatory and toxic reactions, delayed healing, hypersensitivity reactions, endothelial dysfunction, and neoatherosclerosis. [27, 28] In this study, 2G-DES showed a decreased incidence of MACE compared to 1G-DES after PSM analysis (9.4% vs 7.4%, Log-rank P = .002; HR, 1.281; 95% CI, 1.097-1.495; P = .002). Furthermore, this result was related with a decreased incidence of any revascularization rate including TLR, TVR, and non-TVR. The increased incidence of non-TVR after PSM analysis (2.6% vs 1.5%, Log-rank P = .001; HR, 1.762; 95% CI, 1.240-2.403; P = .001) in this study can be explained by Hong et al's report. [29] In their 3-vessel intravascular imaging study of 235 patients, Hong showed that secondary remote plaque ruptures and multiple plaque ruptures and culprit lesion plaque rupture were all more common in patients with MI than in those with stable ischemic heart disease. Stone et al [30] also demonstrated MACE occurring during followup were equally attributable to recurrence at the site of culprit lesions and to nonculprit lesions in patients with acute coronary syndrome who underwent PCI. Compared with 1G-DES, ZES (Resolute Integrity Stent) that utilize the BioLinx-polymer and antiproliferative agent, zotarolimus is equivalent to sirolimus in terms of antiproliferative power but is more lipophilic than sirolimus. [31, 32] This BioLinx-polymer was able to exhibit delayed zotarolimus release (50% and 85% released at 7 and www.md-journal.com 60 days), indeed for over approximately 180 days after PCI. [33] In this study, we could not precisely explain the reason for the differences of any revascularization rate between 1G-DES and 2G-DES, the possible mechanisms may be due to the different type of polymer between the 2 stent groups. Although nicotine may play an important role in atherogenesis and be involved in enhanced endothelial cell proliferation and migration, and accelerate intimal hyperplasia in vitro and animal study, [34, 35] the operative mechanisms at the level of endothelium are not clearly understood. [34] Current smoking also increases inflam- mation and oxidative damage to the vascular endothelium and impairs coronary circulatory function. [36] The relationship between stent strut thickness and platform design and long-term safety and efficacy of DES was not well defined. In this study, the occurrence of ST was not different between 1G-DES and 2G-DES (1.0% vs 0.96%, Log-rank P = .637; HR, 1.118; 95% CI, 0.704-1.775; P = .638). According to this study, regarding ST, we cautiously suggest that the presence or absence of a biocompatible polymer in AMI patients were not associated with current smoking.
Smoking cessation decreased by about a 36% crude relative risk (RR) of mortality for patients with coronary heart disease compared with continued smoking (RR, 0.64; 95% CI, 0.58-0.71) [37] and this beneficial effect of smoking cessation may be achieved by vascular healing after stent deployment through a decrease in the progression of neointimal hyperplasia and decrease the incidence of stent malapposition. [18] As mentioned, the successful smoking cessation rate after PCI was approximately 40% to80%. Taken together, we can assume that about 20% to 60% of enrolled patients of this study may continue to be current smokers after the index PCI during the 2-year follow-up period at that time. Therefore, in this study, even though the smoking status of the study population was assessed at the time of PCI, the results of this study may provide a meaningful message to the interventional cardiologist during PCI to help select the appropriate DES, especially in AMI patients with a history of current smoking.
The current study has some important limitations. First, the study was nonrandomized study and there may be some underreporting and/or missed data. Second, the smoking status of the study population was assessed at the time of the index PCI and we did not know the precise history of the smoking status during the follow-up period after discharge. This weak point can affect the results of this study. Third, because this registry data did not include the detailed full data concerning the prescription doses, long-term adherence, discontinuation, and drug-related adverse events, we evaluated all clinical outcomes based on discharge medications and this factor may act as an important bias in this study. Fourth, although we did multivariable Cox-proportional regression analysis to overcome the limitations of this retrospective study, the characteristics of this retrospective registry might have influenced the results of this study. Fifth, because the choice of 1G-DES or 2G-DES was dependent on the discretion of the physician, this may be another important bias in this study. Sixth, in this study AMI patients were consisted of STEMI and NSTEMI, therefore this heterogeneity can affect each other and may act as a bias. Seventh, although PSM analysis and subgroup analysis were done, the proportions of each type of stents in both groups were not evenly distributed. Eighth, the strategy of antiplatelet therapy (eg, DAPT or TAPT) was left to the physician's discretion, which may have influenced the major clinical outcomes.
In conclusion, the cumulative incidence of MACE and any revascularization was significantly higher in the 1G-DES group compared with the 2G-DES group during the 2-year follow-up period. However, the incidences of ST, all-cause death, CD, re-MI were not significantly different between the 2 groups. Therefore, 2G-DES may be the preferred treatment strategy for the AMI patient with a history of current smoking to reduce MACE rather than 1G-DES according to the results in this study. However, this result may be more precisely defined by other welldesigned, prospective, randomized studies in the future.
